We study the scalar potential in supersymmetric (orientifolded) Calabi Yau flux compactifications of Type IIB theory. We present a new mechanism to stabilize all closed string moduli at leading order in α ′ by introducing consistently fluxes. As usual we consider the dilaton and the complex structure moduli stabilized by turning on threeform fluxes that couple to the F-part of the scalar potential. Kahler moduli get fixed by the combined action of the flux-induced scalar masses with magnetic fields of the open string sector, with Fayet-Illiopoulos terms. For supersymmetric three-form fluxes the model is N = 1, otherwise the mass terms are the scalar soft breaking terms of the MSSM fields. For the case of imaginary self dual three-form fluxes (ISD), the mass terms are positive and the minimum of the potential is at exactly zero energy. We argue that, under generic assumptions, this is a general mechanism for the full stabilization of closed string moduli. The vacua depend explicitly on the fluxes introduced in the manifold. A concrete realization of this mechanism on type IIB on a ( T 6 Z 2 ×Z 2 ) orientifold is provided. * gdelmoral@delta.ft.uam.es
Introduction
The problem of stabilization of moduli fields in string theory (scalar fields with flat directions in the potential) has been extensively studied, see for example [1, 2, 3, 4, 7, 14, 15, 11, 33, 10, 36, 37] , since it has important theoretical and phenomenologogical consequences. A relevant result was found in [3] when they found that a linear combination of RR, and NSNS three-form fluxes on IIB theory were able to stabilize the dilaton and the complex structure moduli. This mechanism presented a great advance in the resolution of the problem although Kahler moduli remained unfixed. The basic reason for this is due to the superpotential. It does not contain any dependence on the Kahler moduli, leading to a no-scale scalar potential at leading order in α ′ . In [14] KKLT found a way to fix one overall Kahler moduli by using nonperturbative mechanisms such as condensation of gauginos or instanton effects.
This lead to a Anti De-Sitter (ADS) vacua in a particular compactification. By breaking explicitly supersymmetry through the introduction of antiD3 branes and by making fine tunning of fluxes, they were able to lift it to a De Sitter vacua. De Sitter vacua have acquired great importance due to the recent data that suggest the acceleration of the universe and also because of its close relationship with the inflationary scenario [15] .
New advances in the context of landscape have been done by Douglas et al. [7] obtaining manifolds with all moduli fixed through non perturbative mechanisms and able to lead to a static cosmology. These last advances although significant have not been able to provide for realistic compactification manifolds. A potential problem in generating non perturbative superpotentials from strong infrared dynamics is that it is model dependent. It can also generate too much massless charged matter.
In [12] the model of KKLT was improved. They induce a supersymmetric model when one Kahler modulus is present by introducing magnetic fluxes contained on D7 branes.
Model building in this context has several fine-tunning and stability issues. In particular, the superpotential induced by the fluxes must be hierarchically small (< 10 −4 ) in order to obtain solutions with large volume in which the effective field theory approximation can be trusted. On the other hand the fluxes must fix the dilaton at small string coupling to suppress loop effects. Very recently some papers have appeared [4] , see also [5] that find a way to stabilize all moduli by considering the combination of α 3 effects and nonperturbative contributions to the superpotential which give rise to a large volume AdS vacuum. Its minimum is independent of the value of the flux superpotential. In this model supersymmetry is broken by Kahler moduli and gravitino mass is not flux independent.
Here we propose a perturbative mechanism able to lead to realistic descriptions with all of the moduli fixed which preserves supersymmetry. In principle one could think that it is possible to induce any other dependence in the superpotential by introducing branes in the model.
However it has been conjectured by [28, 27] that B-type branes (D-branes which wrapp 2ncycles with magnetic fluxes and the type of branes interesting in IIB models) can couple to the Kaher moduli only trough FI terms. Several other works have also studied this problem. We will consider a IIB theory compactified in CY orientifolds, with RR, NSNS 3-form fluxes and magnetic fluxes. Three-form fluxes couple to the three cycles via the superpotential associated to the F-term, which do not depend on the Kahler moduli. We show that adding soft breaking terms with magnetic fields on the D-term side together with Fayet-Illiopoulos(FI) terms give a potential which stabilizes the Kahler moduli. This mechanism is model independent and we think that it is a generic procedure for stabilization moduli in a manifold. One advantage of this method is that by being supersymmetric, it can be put in the 4D standard supergravity form and it keeps the control over the types of interactions that can be induced. In a previous paper [16, 24] it was proposed a method to stabilize some Kahler moduli through the coupling of fluxes to the FI-term in order to fix the blow-up moduli of the model. In that case the expected soft breaking term contribution did not include magnetic fields and failed in the attempt of stabilizing the full Kahler moduli. This idea is an extension of that one including magnetic fields in the configurations.
In [31, 32] they propose a type I theory with three-form fluxes and magnetic fluxes. They assure that they are able to stabilize Kahler moduli just through FI-terms. We argue that what they find does not constitute a true stabilization of the moduli since the moduli are free to acquire any other vev without any cost of energy. To stabilize Kahler moduli it is needed to have also the coupling of fluxes to the open string sector.
The paper is organized as follows: in section 2 we give a brief summary of three-form flux stabilization. We show how a linear combination of three form fluxes estabilizes complex structure moduli and the dilaton under very general assumptions. Nonperturbative mechanisms are used to stabilize Kahler moduli. In section 3 we describe a D-term supersymmetry breaking. FI terms that couple to B-type branes represent a deviation from supersymmetry conditions of the branes and a shift in the value at which moduli has a supersmmetric value but a proper recombination mechanism can restore the supersymmetry. In section 4 we review how soft terms appear. Particularly we focus on the flux induced soft breaking terms with magnetic fields and we find a general expression for these terms in a toroidal orientifold without constraints on the Kahler moduli. In section 5 we propose the mechanism of stabilizing moduli without introducing non perturbative mechanisms and we detail the minimization of scalar potential. In section 6 we provide a concrete realization of this mechanism of phenomenological interest for the case of ISD three-form fluxes. We perform IIB/Z 2 × Z 2 × ΩR moduli stabilization and we indicate the explicit values at which Kahler moduli get fixed. We conclude in section 7 with a discussion and sumarizing the main results.
Review of moduli stabilization
In type IIB theory on a Calabi-Yau manifold the closed string moduli content associated to the geometry are: an axion-dilaton , h 11 number of Kahler moduli T i parametrizing the CY 3 size and h 21 of complex structure moduli U i paramerizing the CY 3 shape. Being h 11 , h 21 the hodge numbers characterizing the three-fold Calabi-Yau. The Kahler potential associated to the closed string sector has, for toroidal compactifications, the following expression,
Giddings, Kachru and Polchinski, [3] introduced the systematics to stabilize the dilaton and complex structure moduli by turning on 3-form fluxes. On type IIB theory, strings can have RR and NSNS 3-form field strengths, which can wrapp dual 3-cycles labeled by A and B leading to quantized background fluxes,
where K and M are arbitrary integers. These forms allow consistent string compactifications of generic orientifold CY 3 manifolds. Fluxes also have some other interesting consequences: they induce a warp factor on the metric that deforms the manifold and generate hierarchies [16] , fix the moduli partially, and also give a mechanism to break supersymmetry in a controlled manner by inducing soft breaking terms.
To understand the mechanism of partial fixing of moduli we have to remark that these fluxes generate a superpotential found by [13] 
where G 3 = F 3 − SH 3 , being S the complex axion-dilaton of type IIB theory. Ω 3 is the unique (0,3) form of the threefold Calabi-Yau. The holomorphic three form Ω has a non trivial dependence on the complex structure moduli U i .
This superpotential is independent of the Kahler moduli T i . It gives the N=1 in D = 4 scalar potential
I, J label all the above geometric moduli of the manifold.
The covariante derivatives are defined as D I W = ∂ I W +∂ I KW where K denotes the Kahler potential and K IJ the inverse of the Kahler metric defined in terms of the Kahler potential
This potential is of no-scale type (Λ = 0 at α ′ level) since Kahler dependence T i cancels exactly the 3W 3 contribution. Since the potential is positive definite, the global minimum of this potential lies at zero. The values of complex structure moduli and the dilaton get fixed for the particular values at which the superpotential is minimized D i W = 0 being i all fields except the Kahler moduli. Kahler moduli however remain unfixed since the superpotential has no dependence on them. The minimum of the potential is supersymmetric if D T W = W = 0 and non-susy otherwise.
Then, the Kahler potential has been stabilized by different mechanisms, non-perturbative contributions that introduce an exponential dependence. This contribution together with the one induced by fluxes gives the total superpotential
and generate an scalar potential which typically has ADS minimum at a finite value of T and a run away behaviour at infinity. Several mechanisms for breaking supersymmetry allow in principle to lift this minima to a De Sitter vacua, i.e. [14, 12] .
Soft Breaking Terms with Magnetic Fields
Low energy effective action can have Susy-breaking soft terms coming from magnetized or non magnetized configurations. Soft terms are operators of dim < 4 which do not induce non quadratic divergences able to spoil the good properties of the N = 1 supersymmetry.
They give mass to the superpartners of the SM fields, when an spontaneous supersymmetry breaking happens. It is expected to have a scale not to be much above the electroweak scale.
In fact when they are induced through fluxes they are of the order of flux scale. These soft terms arise from the interaction of low dimensional D-brane charges induced on the D7 branes with the background flux (see [18, 17] ). The soft terms contain gauginos masses, trilinear terms, and scalar masses of MSSM fields. Regarding the stabilization of Kahler moduli we are going to be interested just on scalar masses. In this section we want to extend the results found in [19] , (see also [20, 21] ) to more general settings. Unless we specify other thing we will follow the notation of [19] and we will do a close review but extending these results to be valid for a general configuration of D-branes although implicitly we are particularizing the Kahler potential for toroidal orientifolds of type IIB theory on Z 2 × Z 2 × ΩR .
We consider a six torus factorized [36] filled with intersecting D7 branes some of which are magnetized and D9 branes carrying anti-D3 brane charges in the hidden sector to cancel RR and NSNS tadpole conditions while preserving N = 1 supersymmetry. The magnetic constant field is defined in terms of the wrapping number m of each stack of D7 a branes transverse to the torus i, n represents the units of magnetic flux.
F i a is the world-volume magnetic field. For later on convenience we define the following angles,
Open strings give rise to charged fields. There are two types of states lying at stacks of Dpbranes. Untwisted states are chiral fields coming from open strings whose ends are attached to the same stack of branes and twisted sectors chiral fields lying at the intersection of two different stacks of Dp-branes. We are just going to consider the twisted sector since they are the ones that have bosonic soft breaking terms. From D7 branes twisted sectors D7 i − D7 j there are only chiral massless multiplets denoted by C 7i7 j transforming in the bifundamentals of G i × G j , with G i being the gauge group associated to the enhanced symmetry of each stack of D7 branes. The low energy dynamics of the massless fields is governed by a D = 4, N = 1 supergravity action that depends on the Kahler potential, the gauge kinetic functions and the superpotential. The moduli in these type of constructions as already explained in [19] is {M, C I } with M the closed string moduli and C I = {C 7 i , C 7 i 7 j } where C 7 i i are the moduli fields representing the position of the D7 i brane in the transverse T 2 i whereas C 7 i j correspond to the presence of Wilson lines turned on the two complex directions parallel to the D7 i brane. In the following we will not care about open string moduli since there are realizations of phenomenological interest free of them, as the one we propose in the last section. Closed geometric moduli that appears in the 4D N = 1 supergravity action consists of the complex
where a 0 is the R-R 0-form and the exp φ 10 = g s the string coupling constant; the complex structure moduli U j , j = 1, 2, 3, which are equivalent to the following geometrical moduli for the case of toroidal compactifications,
being e jx , e jy the T 2 j lattice vectors, A j the area of the two-torus, which in the particular case of the square T 2 j is equal to A j = R jx R jy , and the dual angle is ϕ i a = arctan( n i a R ix m i a R iy ) . The remaining type of moduli are the Kahler moduli field denoted by T i , i = 1, 2, 3. These moduli are not equivalent to the geometric moduli ρ i as explained in [20, 21, 19] since
and the gravitational coupling in D = 4 is
The string scale is defined as, M s = 1 √ α ′ . We have chosen this type of compactifications for its simplicity: The moduli in this type of compactification is just the dilaton S, three complex structure moduli associated to the relation between the radius of each tori U i , i = 1, ., 3 and three Kahler moduli associated to the size of each tori T i , i = 1, 2, 3.
The standard expression for the soft breaking terms found in [26] is
in supergravity conventions with all quantities measured in Planck units. I = aa, ab labelling the different stacks of magnetized D7 branes. F M are the auxiliary fields of the corresponding chiral multiplet Φ A which in general have the following expression
where
Following the conventions of [19] we define
the auxiliary fields are parametrized as,
such that i η 2 i = 1 and η and θ, the goldstino angle, control whether S or T i dominate the SUSY breaking. Where
and m 3/2 denotes the gravitino mass and V 0 the cosmological constant. The Kahler potential contains the Kahler part K associated to the closed string moduli, M, and the Kahler part K which is associated to the matter fields C I = Φ aa , Φ ab of the open string sector [19] . They have the following expressions,
and
The nu i = 0 trivially and this is the condition for two stack of Dbranes preserve the same supersymmetry. The expression for the soft breaking terms induced by 3-form and magnetic fluxes is [19] ,
reagrouping terms
Where the ν i are computed in terms of ν i /π, such that 0 < ν i < 1 and ν i = 2 as in [19] .
The B p are defined in terms of polygamma functions as,
and in terms of a useful analytical expression is,
and its derivatives. Let us remark that the definition of B ν is slightly different of the one used in [19] . An special value of this function is at
We finally obtain the following expression,
where sin(πΨ i ) ab = sin(πΨ i ) b − sin(πΨ i ) a . and the above variables P, Q are defined in terms of goldstino angles,
so they are sensible to the particular choice of 3-form fluxes.
The expression for soft breaking mass terms can be finally condensed in,
These results recover the ones of [19] by making appropiate substitutions for their particular configuration and imposing t 2 = t 3 . Although the Kahler part of the potential K CC has been found for twisted magnetized sectors, with the above definitions, the soft terms at twisted, unmagnetized D7 2 − D7 3 stacks are also correctly found due to apropiate cancellations. All of the previous discussion remains valid for the case of susy flux induced terms, i.e. mass terms with the same masses for fermions and their scalar superpartners. This susy mass terms appear whenever three form fluxes are ISD (2,1) and has been obtained in D-brane action calculations [17] , and F-theory [8, 22] .
D-term Supersymmetry breaking
In this section we are interested in characterize D-term behaviour in the presence of B-type branes. The motivation is the following: in order to solve the problem of Kahler moduli stabilization, naively we can think in finding a perturbative generalization of the superpotential that contains Khaler moduli in its definition. However it seems not be possible. Kahler moduli are (1, 1) forms that naturally can be thought to be stabilized by magnetic fluxes living on Dbranes. The Decoupling Statement of Douglas e al. [28, 27] establishes that Kahler moduli on Type IIB can only couple to B-type branes (i.e. Branes wrapping even cycles) through Fayet Illiopoulos (FI) terms in the scalar potential. The mirror stament of this one on type IIA, says that complex structure moduli can only couple to A-branes (branes wrapping odd cycles (3-cycles) trough FI terms. This fact seems disappointing from the perspective of finding a perturbative superpotential for Kahler moduli. Moreover this is a common feature for the case of D-branes at singularities [28, 27] .
In [29] they study an N = 1 4D type IIA on T 6 Z 2 ×Z 2 orientifold with D6 branes at angles. In this section we will review their main properties. This model is dual to magnetized D9 branes on type IIB theory with discrete torsion, as the ones we are interested on, for sake of simplicity. Supersymmetric models impose relations between orientifold planes and D branes.
On type IIA, in a supersymmetric model each stack of D6 branes is related to the orientifold planes O6 by a rotation in SU(3). The supersymmetry configurations imposes a condition on the angles θ i of the D6 branes respect to the orientifold plane in the i-th direction of the two-torus, which in the case they considered is,
this condition is equivalent to
with R xi , R yi the radius of the i-th two-torus and χ i = R yi R xi the untwisted moduli of complex structure. This model is T-dual to a type IIB orientifolded theory with discrete torsion and a Kahler twisted moduli with the condition
and the convention for the angles introduced in the preceding section Ψ i ab = arctan( α ′ n i a m i a A i ) in terms of the tori areas A i . A i are expected to be coupled in the Fayet-Iliopoulos term of the open string modes of the D9 branes on 2-cycles (B-branes), this is the dual version to the one indicated in [29] . In [30] is explained that FI terms are proportional to the deviation of susy condition giving an effective action proportional,which in type IIB language is equivalent to
and vanishing for supersymmetric cases.
On standard type IIB orientifolded action the FI terms can be tunned properly by adjusting the twisted moduli.
Physically this term reproduces at leading order the splitting between scalar and fermion masses [29] . Namely in the ab sector, chiral fermions remain massless at tree level while their scalar partners obtain a mass proportional to δθ = i (θ i a −θ i b ). An important remark regarding supersymmetry is the following: In [29] it has been pointed out that since some of these scalar fields can acquire vevs, the existence of a FI terms by itself does not mean automatically a susy breaking since they may acquire them so as to make the D-term vanish. Physically it is due to a recombination process of the D6 branes (which now are not supersymmetric since the angles have changed) into supersymmetric smooth 3-cycles. This process gives a vev to some of the scalar fields at the intersection.
On type IIB picture, the argument remains valid. D9 branes have magnetic fields at supersymmetric values. In the presence of non-vanishing FI terms they turn on the D9 branes non susy but if some scalars acquire mass cancelling D-term contribution, then the they change their magnetic values on the 2-cycles restoring supersymmetry.
It has also been argued that although the existence of a FI-term at local compactifications allow for supersymmetry breaking, for the case of global compactifications recombination processes seem to be a generic mechanism to restore supersymmetry.
As already mentioned in the introduction, in [31, 32] there was proposed a mechanism to stabilize Kahler moduli through three-form fluxes and magnetic fluxes. The argument was that the Kahler moduli get fixed at its supersymmetric value since supersymmetry condition for magnetized Dbranes depend explicitly on them. However because of the argument exposed above, although apparent, this is not a true stabilization since matter fields can acquire a vev without any cost of energy to cancel D-term contribution modifying the value of the twisted moduli.
A new mechanism of stabilization of moduli
We are going to consider a decoupling approach where complex structure moduli and the dilaton have been stabilized by the standard mechanism. Turning on suitable three-form fluxes stabilize their vevs and have their dynamics integrated out as in [14] . This approach is valid in the regime when the mass scale of the Kahler moduli is much less than the one of the dilaton and the complex structure moduli.
We propose the following mechanism to stabilize the Kahler moduli at perturbative level:
We consider fluxes on the open string sector that induce bosonic soft mass. These masses combined with the FI contribution represent a new coupling in the D-term potential that lift the flat directions of the potential giving masses to the moduli.
This means that given the adequate conditions for the presence of soft breaking terms if they exist, the potential is positive definite and greater or equal than zero. To see the stabilization we need to minimize the potential respect to the full moduli C I , M since the flat directions where associated in [29] to the presence of matter fields which did not acquire a vev. As explained before, the non-vanishing of FI term represent a shifting from the supersymmetric condition i Ψ i I = 3π/2. As we are interested in stabilizing Kahler moduli on type IIB, then we are going to impose that the soft breaking terms have to be associated to the presence not The superpotential is not renormalized at any order in perturbation theory and receives no α ′ corrections. The D-term, by an appropiate selection of fluxes can leave the model supersymmetric so it will not received corrections changing its structure. Moreover, if we analyse the equation we can see that it is a generic fact given m 2 I > 0 (as we will see this is the case for the interesting ISD 3-form fluxes).
The D-term with magnetic fluxes to be a minimum imposes a constraint on the value of the matter field and the moduli
the extrema respect to the moduli T N gives this equation
The minimization respect matter field gives as solution
which imposes in this model that δΨ I = 0 fixing the moduli through the dependence of Ψ I to its supersymmetric value iff m 2 I > 0 for all I = ab, aa. This represents a difference with the ordinary case where just FI term is present: there, the anihilation of the matter field C I does not impose any constraint on the fields Ψ I . In the absence of magnetic fluxes this is not the case since Ψ I has not a dependence on the moduli. However the presence of magnetic fluxes by itself does not implies the stabilization of Kahler moduli, as we already explained. Now matter fields are free to acquire any vev to cancel D-term contribution leaving Kahler moduli unfixed. We want to emphasize that only when there are magnetic fluxes in the 3-form flux induced soft (susy) 1 breaking terms combined with the FI term, the Kahler moduli get fixed.
This contribution that couple to the FI-term prevents matter fields to adquire a vev cancelling this contribution since it is energetically disfavoured.
We have in principle two kinds of flux contributions, ISD fluxes and IASD fluxes. We do not consider interaction terms between them. Since IASD fluxes do not solve type IIB 10D equations of motion, we will not consider in the analysis. In the only presence of ISD fluxes as pointed out in [18] soft terms are positive. They can be regarded as geometric moduli of the F/M-theory fourfold and generate positive definite scalar potential. In [23] it is argued this is a general property of ISB fluxes also valid in the case of magnetic fluxes at the intersections 2 .
A way of illustrate this point is that for the case of soft breaking terms with magnetic fluxes, the superpotential
leads to a positive definite potential for the scalar, in particular include D7-brane geometric moduli [22] , which in this case is described in terms of the homological charges also coming from the magnetized D-branes. In general for IASD fluxes or a combination of both, the contribution of V F has to be taken into account but this that not change the behaviour of the stabilization. Then this is a generic mechanism, in the same way that 3-form fluxes H 3 , F 3 serve to stabilize the complex structure moduli (2, 1) and the dilaton through the superpotential. It is given by the scale of the flux induced terms.
Beyond imaginary self-duality condition
The expression for the full scalar potential taking into account the soft breaking terms is,
Where the F-part of the scalar potential is no-scale and it is positive definite and because of the soft breaking terms are present V D is also positive definite and we can infer that there exists a minimum of the potential that fixes all of the moduli. In order to minimize this potential we should consider the minimization respect to every moduli C I , M. This leaves the theory only depending on Kahler moduli and matter fields which can be stabilized separately.
It is important to ask whether the resulting critical point is a saddle point or a minimum. The answer is that for a positive defined potential as is this type of scalar potentials the point is a minimum since it is bounded from below to a value greater or equal than 0.
Minimizing with respect to the matter fields, it gives three possible extrema
this last value has only physical sense iff |C I | 2 > 0 the value of V D at these points is:
Which for a susy model is reduced to:
This means that for a supersymmetric model, whenever the induced soft mass terms are all positive, which is the case for ISD fluxes, the matter fields are going to be fixed at zero.
An spontaneous susy breaking will lift this value to an absolute minimum De Sitter vacua once the Kahler minima has been stabilized by the supersymmetric condition. This result is very appealing since it is valid for the ISD fluxes which are the ones we are interested on since they solve the 10D equations of motion in type IIB theory. From the calculation point of view, they stabilize Kahler moduli for a given Dp-brane content without the need to specify the detailed expression of the highly complicated soft terms. We provide an explicit example on the last section of the paper. For the case of negative bosonic soft terms only very rough aproximations to the stabilized values can be done because of the bizarre equation to solve.
This case correspond can appear in the case when IASD fluxes are taken into account. In that case V F contribution should be considered in the minimization. On the other hand since IASD fluxes do not solve the equations of motion, and they generate run-away potentials not well understood, we will not calculate explicitly.
7 An example of IIB on
In this section we provide a concrete example of phenomenological interest which realizes the new mechanism proposed in the preceding section. We will review the main features of the constructions done in [36, 9] which are a a global embedding of the local model proposed in [34] and used in [19] . Then we will construct our explicit realization.
The model of [36, 35] is based on type IIB string theory compactified on a T 6 Z 2 ×Z 2 modded by the orientifold action, which has also been examined in [24] . We consider T 6 = Π 3 i=1 T 2 i . The generators of the orbifold symmetries Z 2 × Z 2 are θ, ω which act on the complex coordinates of the tori as
The orientifold action is given by ΩR where Ω is the usual world-sheet parity and R :
. This model contains 64 O3 planes and 4 O7 i planes each of them localized at the Z 2 fixed points of the i-th T 2 and wrapping the other tori. We consider the case of intrinsic torsion as in [9] . The open string sector contains D9 branes with non trivial magnetic fluxes. The non-trivial gauge bundle generically reduces the rank of the group and upon KK reduction leads to D=4 chiral fermions. The magnetic fluxes also induce D-brane charges of lower dimension that contributes to the tadpoles. Magnetized D9 branes usually have D7,D5 and D3 charges. As explained in [24] the topological information of these models is encoded in three numbers. (N a , (n i a , m i a )) where N a is the number of D9 branes contained on the a-stack, m i a is the number of times that a-stack of D-branes stack wrapp the i-th T 2 and n i a is the units of magnetic flux in that torus induced by D-branes. The unit of magnetic flux of the D-branes in that torus is
There the D9 a branes preserve the same supersymmetry of the orientifold planes provided
No summation over index i is performed. This condition also guarantees that any two sets of branes preserve a common supersymetry since the relative angles
satisfy trivially
In the case of a global analysis we need to add new branes which are expected to be in a hidden sector in order to cancel global tadpoles [24] . The conditions are, N f lux = 64.n n ∈ Z. Global cancellation of Z 2 RR charges has also to be imposed to cancel the contribution of D5 i − D5 i and D9 i − D9 i pairs, which is equivalent to satisfy the following conditions for a case with torsion,
and for the case without torsion the conditions are the same by making these changes,
Let us center in the case with torsion. The following moduli is a concrete realization that serve for our purpose.
This suppose a slight modification to the proposal of [9] In our case since we are interested on vacua with fluxes we choose n = 1, N f = 3.
Spectrum
Locally the spectrum of this model can contain the MSSM since g is not constrained and has been studied in [34] . This sector is called visible sector. As a remainder we show below, 
. Some linear combinations of U(1) will leave U(1) fields massive in a Green-Schwarz mechanism which differ from the case analyzed in [9] . But since we are interested in the perturbative stabilization of moduli we have not detailed here not included in the spectrum calculation. We show a realization of string compactification on a CY 3 orientifold with some phenomenological properties render the moduli fixed.
When we substitute on the supersymetry conditions we obtain the following equations
An straightforward calculation gives
what means that the vacuum expectation value at which Kahler moduli gets fixed is,
Where s denotes the vacuum expectation value of the dilaton which is the string coupling constant. Substituting in the value of areas this means that
This mechanism imposes for this toroidal compactification, that three and only three stacks of Dbranes would get magnetized with different magnetic fluxes in order to have a determined compatible system of equations. This is the subtle that does not suit in marchesano et al.
model for stabilization purpose since they have just two different equations. This construction is in no way unique, and represent a toy model to illustrate the mechanism of stabilization.
We expect that more complicated models can be constructed with realistic spectrum and all of the moduli fixed.
With the above results we can perform the explicit calculation of soft mass terms for a given three-form flux configuration with complex-structure moduli and dilaton stabilized. We choose the one [37] for n = 1, N f lux = 64 with N = 0 supersymmetry
The complex-structure moduli and the dilaton are stabilized at u i = s = i, which in our notation is equivalent to u i = s = 1. This values lead to a non-aceptable value for perturbative analysis since g s = 1 as explained in [35] . However we will use to give an example of explicit calculation of the soft terms. The soft terms from T-dominance (ISD) fluxes correspond to V 0 = 0. The gravitino vev is
and we have made C = 1, cos(Ψ) = 1, η i = 1/ √ 3, γ i = γ T as is explained in detailed in [19] .
The soft breaking terms for this model is: 
In terms of gravitino mass m 3/2 . Here since the microscopic source of SUSY-breaking is the above ISD flux in a toroidal setting, by using the above definitions, the |W | 2 = 256, and the gravitino mass is m 3/2 = 0.019, so the soft terms have unrealistic values since they are extremely high.
For general toroidal/orbifold models with intersecting D7-branes the flux-induced soft terms are tipically of the order of the string scale (1/α ′ ), which is only slighty smaller than M P l and are not able to solve hierarchy problems [19] . This fact is due to the simplicity of the compactification manifolds as well as fluxes are distributed uniformly.
Discussion and Conclusions
We have shown a new systematics to dinamically stabilize with fluxes all moduli in supersymmetric and non supersymmetric models. Three-form fluxes generically stabilize the dilaton and the complex structure moduli. They generate an F-part of the scalar potential. Magnetic fluxes are two forms that fix Kahler moduli at its supersymmetric value once the potential has no flat directions. This goal is achieved by inducing through 3-form flux a non susy (susy) breaking (flux-induced) terms with magnetic fields on the D-term scalar potential, combined with the FI term that lift the flat directions. We think this is a generic mechanism that gives a final answer to the problem of perturbative moduli stabilization. This mass term avoid the posibility of cancelling the D-term by the consistent adjustment of the matter fields vev, since it supposes a cost of energy. At leading order, the F-part of the potential is a non-scale potential and the D-term is the only responsible for the stabilization of the Kahler moduli.
ISD fluxes induce positive soft breaking terms and fix the Kahler value of the D-term to its supersymmetric value. In the supersymmetric case it can be possible to implement a similar mechanism of the one found in [12] to generate by spontaneous supersymmetry breaking a De Sitter space. However possibly toroidal models will not be able to allow for adequate fine tunning to guarantee that the different aproximations are still valid (small cosmological constant, small quantum corrections, a big potential barrier..). Maybe this mechanism combine with the [12] could be implemented in a more complicated model (it is needed that U(1)'s of the FI term will not be charged or the matter will have some special properties that it is not the case of the compactification chosen). For the case m 2 < 0 both parts of the potential F-and Dcontribute. The explicit calculation in terms of the particular soft breaking terms is needed.
They can be associated to IASD or a combination of fluxes IASD and ISD. The analysis of IASD contribution has not been performed since do not lead to solutions of physical interest.
The D-term contribution generically has a ADS vacuum.
Clearly the case with m 2 > 0 which correspond to turning on ISD three form fluxes is much more interesting since solves the equation of motion and stabilizes the moduli to a value of the order of string scale what means that do not depend on the scale of supersymmetry breaking and it is higher enough to induce reheating processes at early stages of the universes.
The mass scale of the moduli presumibly is of the order of the soft breaking mass scale (which is of the order of flux scale α ′ R 3 ). We have given a concrete realization of Type IIB on T 6 Z 2 ×Z 2 ×ΩR of phenomenological interest absolutely free of moduli. However this model represents a toy model. We expect improvements in the search for realistic compactifications free of moduli (i.e. three family generation, lower soft masses) in more complicated scenarios as those ones with warped metrics due to throats, that are also able to explain the hierarchy problem as well as address model inflation.
